The purple membranes (PM) of the Halobacterium salinarum cells and bacteriorhodopsin (major retinal-containing trans-membrane protein of these bacteria are the most promising photosensitive biopolymers in terms of bionanotechnology, developing photosensitive devices, etc. The article is devoted to the improvement of the cultivation system for Halobacterium salinarum cells and the PM production; the study of the properties and functional characterization of bacteriorhodopsin -the biological components of the bionanomaterials. The optimal conditions for the production of the biomass are the following: the volume of incubation media must be 10% of the working volume (the volume of the cuvette); the cell "age" must be close to the end of the exponential phase of growth; the lighting must be maximum (4 light bulbs LD-20); the temperature must be 37°Ñ; the time must be 8 days; the aeration must be 0.45 (L air)/(L of environment)/min. The yield of the product is about 5 g of biomass containing 45 mg of bacteriorhodopsin. The purple membranes and their major protein -bacteriorhodopsin were obtained with the required parameters.
Modern research in the field of bioelectronics and nanotechnology is often based on the unique properties of biologically active compounds [1] [2] [3] . The most studied and practically used biologically active compounds are the purple membranes (PM) of the Halobacterium salinarum bacteria and bacteriorhodopsin (retinalcontaining transmembrane protein of these bacteria) [4] [5] [6] . Bacteriorhodopsin is one of the most promising photosensitive proteins in terms of developing photosensitive devices (as promising energy sources, optoelectronic elements, storage systems) [7] [8] [9] . That is why the most experiments and developments in bionanotechnology were performed using purple membranes and bacteriorhodopsin as the best examples [10] [11] [12] . At present, the search for the most effective PM preparations is actively developing. The methods of cultivation of Halobacterium salinarum and the PM production have been described in the literature [13] [14] [15] , however, it was necessary to "adapt" them to the modern experimental conditions within the present work. The tasks of the recent works are the development and experimental implementation of the technique, which allows to obtain PM preparations in high yield (up to 50 mg/L culture).
It is known that the great amount of halophilic bacteria representatives are able to grow on culture medium, where protein hydrolysates or amino acids are used as the sole carbon source 16, 17 .
At the same time, variation of the salt composition of a culture medium leads to a changes in the level of biomass accumulation, as well as in the shape of Halobacterium cells. Depending on the particular task, a culture medium may have different composition and content of components, but two obligatory components are always the same -sodium chloride in high concentration and some source of amino acids. In general, all kinds of microbial proteins (or biomass) hydrolyzates can be considered as the common sources of amino acids in the cultivation of these halobacteria. An ideal source of the hydrolyzate can be a product of complete acid hydrolysis of milk caseins. The use of cheaper hydrolyzates, including those with an uncontrolled composition, is also possible in the cases where the use of such medium is justified economically.
It is known 18 that intense illumination with insufficient aeration of culture leads to an increase in the content of BR in cells, whereas cultivation in darkness with strong aeration leads to inhibition of this protein formation. For this reason, a selection of the conditions (illumination and aeration) is important within this work with the aim of increasing the yield of BR per unit volume of culture liquid (QL), as the cultivation conditions in the fermenter differ significantly from the cultivation in the flasks and represent an independent object of study.
The purpose of this work is to improve the system for cultivating Halobacterium salinarum cells and to obtain purple membranes, to study the properties and functional characterization of the biological components of nanobiomaterials: photosensitive membrane proteins and oriented membranes based on them.
MATERIALS AND METHODS
T h e s y s t e m f o r H a l o b a c t e r i u m salinarum cells cultivation and PM production has been improved at first. In particular, the device (schematically shown in Fig. 1 ) has been used. The cuvette (1) had about 6 liters volume ( Fig. 1 ) and was made of "plexiglass acrylic sheets" and had height of 40±1 cm, length of 45±1 cm, a thickness of the liquid layer of 3.3±0.1 cm. There were taps for sampling and liquid drain. This system was located in a temperature-controlled box equipped with an aerating device to maintain the temperature, simultaneously, providing stirring. The system had the following parts: air drawn by the pump (20 passes to maintain sterility through the air filter (3), flow-meter (4) and enters the cell (1), where bubbles through the holes of the intake tube) and is lit by four fluorescent lamps LD-20 (5).
Before filling the cuvette with the nutrient medium, it was washed and sterilized by 96% ethanol (sterilization in an autoclave was not possible due to the material from which cuvette was made). To ensure that the aseptic conditions were stable, all the lines connecting the cuvette with other devices were sterilized in the same way. After filling it with 4 liters of sterile growth medium (total volume does not exceed 70% of the total volume of the cuvette), 400 ml (l0% V/V) inoculum was introduced. Before the introduction of the inoculum, the temperature and pH of the medium were adjusted to optimal values for Halobacterium salinarum growth.
RESULTS AND DISCUSSION
As a result of cultivation process optimization, a methodology has been developed. According to the developed technique, the cultivation of Halobacterium salinarum was carried out in 4 L of complex medium, containing per 1 liter: 250 g NaCL, 20 g MgS0 4 • 7 H 2 0, 3 g sodium citrate, 2 g KCL, 2 g yeast extract, 5 g of peptone, 1 ml of glycerol.
After all the salts were dissolved, the yeast extract and peptone glycerin were added to the solution. By titration with KOH solution (10 g/100 ml) pH was set to 7.2-7.4 .The medium was sterilized by autoclaving at 121°C.
For the preparation of the seed material (inoculum) a number of Halobacterium salinarum cells were introduced in vials with a volume of 30 ml containing 5 ml of medium and cultured 5 days at 37°C in a rotational rocking. The amount of 5 ml of seed culture was introduced in Erlenmeyer flasks (750 ml) containing 200 ml of medium and cultivation was continued at rotational rocking (190 min -1 ) at 37°C. Cultivation of Halobacterium salinarum spent 5 days (until the completion of the exponential phase).
The cultivation and production of material was held directly in the fermenter: 4 liters of The process was carried out in periodic mode in a transparent flat cuvette with a volume of 6 L, illuminated by four fluorescent lamps. Aeration and mixing of culture is ensured by the flow of the air into the lower part of the cuvette (Fig. 1) . Cuvette placed in a thermostatic room to maintain the temperature.
The time of periodic fermentation was about two weeks, because of such long time a one of the main requirements (which applied to the fermenter) was the preservation of sterility at intensive aeration of the nutrient medium during the cultivation. So, sterile filters were installed on the air inlet to prevent the ingress of any foreign microorganisms.
The particular increase in the biomass of halobacteria was characterized by the change of optical density at wavelengths of 650 nm absorption (a quantitative characterization of the total content of bacterial mass) and 570 nm (the quantitative content of BR). For this reason, some samples were taken periodically from the cuvette. The sampling volume of about 12 ml was carried out 1 time a day. After determination of the optical density, samples with a volume of 1 ml were centrifuged to precipitate the cells (sediment used to determine the content of BR).
Estimation of the BR content in the halobacterial biomass was carried out according to the following procedure. Some amount of bidistilled water (3 ml containing 1 mg of DNAse per 100 ml) was added to the cells obtained by precipitation from a 10 ml sample. After 3 hours (by completion of DNA hydrolysis) the large cell fragments were precipitated by centrifugation at 10000 g for 10 min. The optical density of the supernatant was determined at 570 nm. The dependences of the optical density vs. the cultivation time were obtained (Fig. 2) .
As a result of various experiments, it was shown that the yield of BR was decreased in the case of the extremely long cultivation time (more than 10 days at 37°C). It should be noted that a twofold decrease in illumination (two lamps instead of four) during the strain ET1001 cells cultivation caused a proportional decrease in the yield of the BR, while maintaining the same level of biomass accumulation. Therefore, the maximum irradiation intensity (allowed by the dimensions of the cuvette and the design of the lighting devices) was used during cultivation.
The level of biomass accumulation was influenced both by the volume of the seed materials and by the inoculum age. In general, the recommended seed volume of about 5% of the medium inoculated volume was used, but it has been shown that its increase up to 10% caused an increase in the yield of biomass by a factor of 1.3 and a corresponding increase in the yield of BR. The optimal age of the seed material was at the end of the exponential growth phase (5 days).
Thus, optimal conditions for the production of the biomass, when using the strain ET1001 were found: 1) the inoculum volume must be 10% of the working volume (roughly the volume of the cuvette); 2) the age must be the end of the exponential phase of growth; 3) the lighting must be maximum (four light bulbs LD-20); 4) the temperature must be 37°Ñ; 5) the time must be 8 days; 6) the aeration must be 0.45 (L air) / (L of environment) / min. The yield of the product was 5 g of biomass containing 45 mg of bacteriorhodopsin.
To isolate the purple membranes, the cell pellet obtained by centrifugation of 4 L of the liquid was suspended in 100 ml of bidistilled water with included DNAse 1 (1 mg per 100 ml). It was stirred at 4°C for 2 hours. Then, the resulting suspension was dialyzed for 17 hours against 5 liters of bidistilled water at 4°C. To precipitate large cell fragments, the suspension was centrifuged at 4°C at 10000 g for 10 minutes, the precipitate was discarded. The supernatants contained PM were reprecipitated 6 times from bidistilled water by centrifugation at 50000 g at 4°C for 70-120 minutes (depending on the purity of the preparation).
The mass of the BR was determined by the optical method using the optical density values. For this, light adaptation of BR preparations was carried out by illumination for 2 minutes. With the light of a mercury lamp passed through a heat filter and a light filter. Then, the optical density was measured at the chromophore absorption maximum in the light-adapted form of the BR and its mass was calculated by the following formula [13] :
, where D -optical density of the solution at the absorption maximum of the pigment; Mr -BR molecular weight (26700 Da); V susp -BR suspension volume, ml; V c u v -v o l u m e o f t h e s o l u t i o n i n t h e spectrophotometric cuvette in ml; V samp -sample volume introduced in the cuvette in ml; å BR -BR extinction, including the following : 63000 M -1 cm -1 at 570 nm or 110000 M -1 cm -1 at 280 nm.
According to the developed methods, sufficient quantities of cell cultures and bacterial mass were obtained from which a photosensitive protein bacteriorhodopsin was isolated in an amount of 200 mg.
The purity of the product was monitored spectrophotometrically from the absorption spectrum of the suspension. The ratio of optical densities at 280 nm and 567 nm was independent of protein concentration, but serves as a criterion for its purity. For the obtained product this ratio was 1.45±0.05, i.e. the purity of the product corresponded to the best world parameters. The finished membrane preparations were stored at 4°C in the form of an aqueous suspension with a concentration of about 10 mg protein per ml.
The presence of the chromophore BR retinal was determined from the shape of the absorption spectrum of the produced BR (Fig. 3) .
There is an absorption peak with a maximum at a wavelength of 570 nm, which corresponds to the basal state of the BR. The recorded absorption spectra completely correspond to the absorption spectra of wild-type BR.
Characterization of the functional properties of the spent BR (Fig. 4) was carried out using a flash photolysis device with Nd-YAG laser excitation (532nm, 7 ns, 15 mJ), a spectral range of 300-900 nm, and a temporal resolution of 0.5 microseconds 11 . The photoinduced changes in absorption at 4 wavelengths, characteristic for absorption of the main intermediates of the BR photocycle, were measured (Fig. 4) . The measurements were carried out at the following wavelengths: 410 nm, 500 nm, 550 nm and 630 nm. The effective increase in absorption at 410 nm during the first 50 ìs after the laser pulse indicates the formation of the intermediate M, which decays during the next 100 ms. This behavior completely corresponds to the characteristics of wild-type BR. Thus, measurements have shown that the obtained BR is fully functional.
CONCLUSION
As a result of the work, the experimental technique for obtaining a photosensitive membrane protein of bacteriorhodopsin has been improved. The biochemical and cellular equipment was checked and adjusted. Cell cultures and bacterial mass are grown. The membrane protein bacteriorhodopsin was obtained and characterized with the required quality and quantity.
